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Differences  between  training  and  working  contexts  have  the potential  to  be  a  major  cause
of deﬁcits  in performance  of searching  animals.  Detection  responses  of individuals  trained
with  high  rates  of  target  stimulus  presentation  tend to extinguish  when  moved  to a new
context  where  their  rate  of target  encountering  is  low.  This  problem  is  acute  with  some
contraband  and  people  detection  dogs  where  the  rate  of target  encountering  in  the work
context  is signiﬁcantly  lower  than  during  training.  While  the  rate  of  extinction  can  be mit-
igated by planting  known  targets  in the working  contexts,  this  is  often  logistically  difﬁcult,
dangerous,  or  impractical;  an  alternative  solution  would  therefore  be  beneﬁcial.  Here,  we
explore the  novel  approach  of adding  non-contraband  target  stimuli  to  the  training  set and
then presenting  these  innocuous  targets  periodically  in  the  work  context,  thereby  avoid-
ing the  logistic  difﬁculties  attached  to the  use  of  real  contraband  targets.  Our  rationale  is
that the search  persistence  caused  by  the  innocuous  targets  could  generalise  to  the real
targets,  thus  increasing  resistance  to extinction  in  the  latter.  The  potential  problem  with
this approach  is that  dogs  may  learn  to  focus  on  the innocuous  targets  in  the work  context
to the detriment  of the real  targets.  In our  experiments,  21  dogs  were  trained  with three
contraband  (explosive)  and  one  innocuous  (non-explosive)  odours.  When  they  were  trans-
ferred  to a “work”  context,  they  were  separated  into  three  groups,  as follows:  Group  “0T”
(zero target)  were  not  exposed  to  any  targets  in the  work  environment;  Group  1T  (one  tar-
get) were  exposed  to and  rewarded  on  one  innocuous  target  in  the  work  environment;  and
Group  3T  (three  target)  were  exposed  to and  rewarded  on three  contraband  targets  in  the
work  location.  These  regimens  continued  for six  weeks  during  which  time  all  dogs  received
two refresher  training  days  away  from  their  work  location,  where  they  were  rewarded  on
all  four  target  odours.  Following  this  work  phase,  search  and  detection  performance  was
tested in  the  work  location  for all  stimuli.  In the work  phase,  search  vigilance  in the  0T  group
dropped  considerably  compared  with  the  1T and  3T  groups.  Critically,  when  dogs  were  re-
exposed  to  all  four targets  in the  work  location  at the end  of the  work  phase,  detection  rates
were signiﬁcantly  reduced  for  the  0T group,  but  were  maintained  on  all targets  for the 1T
Abbreviations: SDD, scent detecting dogs; NE, non-explosive; DR, detection rate.
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and  3T group.  Our  results  show that  rewarding  search  persistence  with  innocuous  stimuli
is potentially  a successful  strategy  to maintain  detection-dog  performance  across  a range
of trained  contraband  odours.
Crown Copyright  ©  2015  Published  by  Elsevier  B.V.  This  is an  open  access  article  under
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. Introduction
Scent-detecting dogs (SDDs) are used for a wide range
f detection tasks from searching for lost people to the
etection of contraband goods such as drugs, ﬁrearms
nd explosives. Trained dogs are highly adept at show-
ng response behaviours to a range of targets, but evidence
uggests that performance may  be hampered in locations
here dogs are required to repeatedly search the same
ocation without encountering any targets (Gazit et al.,
005). This study aims to investigate this location speciﬁc
roblem.
Scent detection dogs are trained using operant condi-
ioning to create a stimulus-response chain of searching,
ocating an odour and giving a speciﬁc “indication”
esponse, typically a sit orientated towards to odour source.
he behaviour chain is initiated by a range of physical,
ontextual (environmental) and verbal cues such as hav-
ng a harness put on, being at a training location and being
nstructed to search by their handler, all of which act as dis-
riminative stimuli for the search behaviour. Encountering
he target odour during a search acts as a secondary rein-
orcer for the search behaviour and also as a discriminative
timulus for the indication response, which is ultimately
einforced by play with a toy or by food.
A robust ﬁnding in the literature on animal behaviour is
hat that the target response of well-trained animals under-
oes extinction (a decline in response over time) when
esponse behaviours are not reinforced in the presence
f a previously conditioned stimulus (e.g., Rescorla, 2001).
ince the body of work produced by Pavlov (1927), exper-
mental observations of the extinction effect are abundant
n the literature (for reviews see, for example, Mackintosh,
974; Rescorla, 2001; Bouton and Woods, 2008; Bouton
t al., 2011; Bouton et al., 2012). There is substantial evi-
ence that animals do not lose their associative memories
uring extinction, but instead form new competing asso-
iations; extinction is therefore a form of learning, rather
han unlearning (e.g., Bouton and Woods, 2008). Bouton
nd colleagues outline how context is critically important
n extinction; since new associations are learned during
xtinction (i.e., that there is no unconditioned stimulus (US)
ollowing the previously conditioned stimulus (CS)), the
ontext acts as an occasion setter to enable to animal to
ecall the correct US-CS association at a later date (Bouton
nd Woods, 2008). This enables an animal to show no
esponse behaviour in the extinction context whilst main-
aining the response behaviour in other contexts. While
he majority of research on extinction has been conducted
n classical conditioning, Bouton et al. (2012) provide evi-
ence that instrumental (operant) extinction also involves
ew learning and is also largely context dependent.nment  Licence  (OGL)  (http://www.nationalarchives.gov.uk/doc/
open-government-licence/version/3/).
In the case of SDDs, there can be contextual differences
between training and working; for example, venues and
routines often differ between the two and handlers may
unconsciously act differently in training and operational
scenarios. It can be expected that these differences would
allow dogs to easily discriminate between the two scenar-
ios which may  result in a generalisation decrement in the
non-training context (e.g., Mackintosh, 1974). These differ-
ences are addressed through a range of approaches by the
detection dog training community, for example, dogs are
trained in a wide range of environments to reduce or elim-
inate any effect of new environments per se,  however some
differences are likely to be impossible to eliminate such as
unconscious differences in handler behaviour.
The majority of detection dogs encounter high target
densities during both training and working, any contex-
tual differences between the environments are therefore
largely irrelevant as the response behaviour is equally rein-
forced in each context. However, for a small proportion of
dogs the target density encountered during work is signiﬁ-
cantly lower than that encountered during training. In this
scenario, the differences in work and training contexts may
be expected to result in degradation of search thoroughness
and detection rate in the work context where dogs are not
regularly given the chance to complete the behavior chain
and receive reinforcement, while original associations and
behaviours are retained in the target rich training.
This effect of performance degradation in a low target
density context was  reported in explosive detection dogs
by Gazit et al. (2005) who showed that dogs rapidly dis-
criminated between two similar search areas where one
contained target odours and one did not. Dogs showed
slower search speed in a target-free area compared to a
target-rich area and a novel area. Importantly, the detection
rate when targets were reintroduced was commensu-
rately lower in the (formerly) target-free context than the
(formerly) target-rich and novel-search areas. Any such
discrimination between training and working locations for
operational SDDs should be of considerable concern for
agencies using dogs for detection.
One way  to decrease or even eliminate any decline in
SDD search behaviour due to extinction is to reward the
animal for the target indication behaviour using planted
stimuli in the work context. However, for working dogs,
this can require the placement of contraband in areas
where contraband is not permitted; this is logistically
difﬁcult and often impracticable. An alternative solution
which we explore here is to train dogs to indicate on
one innocuous non-contraband odour in addition to their
target odours. This would make it easier to plant train-
ing targets in the working context. This training strategy
however is untested and potentially inefﬁcient: dogs may
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differentiate between training and working environments
and learn to respond to all odours in training but only
the non-contraband odour during work; presentation of a
non-contraband odour during work may  therefore para-
doxically reduce or fail to protect the dog’s ability to ﬁnd
contraband odours.
In research with other species including humans, this is
often referred to as ‘backwards blocking’ or ‘learned inat-
tention’ where the animal learns to attend to speciﬁc cues
at the expense of others (for reviews see Kruschke and
Blair, 2000). In a search scenario, selective attention to the
most prevalent cryptic target at the expense of detection
of less prevalent targets is known as search image, a phe-
nomenon hypothesised many years ago by Lukas Tinbergen
to improve foraging efﬁciency by “priming” the animal to
attend to the most abundant resource (e.g., Gibb, 1962;
Zentall, 2005; Langley et al., 1996). If observed in SDDs both
backward blocking and an active search image formation
would have a negative effect on detection of contraband
by dogs that are solely reinforced for detection of a non-
contraband odour during work. On the other hand, if the
persistence of one of the training stimuli in the working
context supports search persistence and this generalises
to stimuli not frequently found in that context, then this
could be a useful approach to enhance searching animals’
performance.
This study has two primary aims, the ﬁrst is to quan-
tify any performance loss in dogs searching a target free
location for an extended period of time. The second is to
establish whether in situ reinforcement on a single non-
contraband odour over an extended period of time supports
or harms detection when contraband is then introduced
into the search location.
2. Materials and methods
2.1. Subjects
Subjects were 21 adult Labradors (18 month to 3 years
old) with no previous search training who were paired with
ﬁve dog handlers with 6 months to 2 years experience.
2.2. Training
2.2.1. Training locations
All training and testing was conducted at the Canine
Detection Research Institute (CDRI), Auburn University,
Alabama, USA. Search training was conducted in an unoc-
cupied house and its grounds.
2.3. Initial training and group allocation
Dogs were initially trained to indicate on one target
odour (smokeless powder) by sitting and staring at the tar-
get, and to ignore 30 non-target, “interferent” odours that
consisted of everyday odours such as shampoo, grass, food,
talcum powder etc. Training was conducted using an odour
ID task that required dogs to search a group of six move-
able boxes, one of which contained a target while the others
contained interferents. Training was conducted using posi-
tive reinforcement. Dogs were deemed to have learned theur Science 166 (2015) 112–122
target odour once they could successfully select the correct
box on three consecutive occasions with no false alarms.
Dogs were trained in parallel to systematically search
areas off-lead with no handler (free search) and on-lead
under handler direction (directed search) and to indicate
the presence of the target odour (smokeless powder) by
sitting and staring at the target. Search training was con-
ducted by staff at the CDRI following standard search dog
training protocols based on positive reinforcement.
Following search training, dogs were ranked 1–21
along ﬁve subjective dimensions of performance with 21
being the best score. These performance dimensions were;
“effectiveness of reward” and “effectiveness of praise”
which were determined by the number of consecutive rep-
etitions of response given to try to obtain a reward or
praise respectively; “thoroughness of search”, “persistence
of search”, and “independence of search”, all of which were
scored based on a short standardised search task where
dogs were required to search for a (non-existent) ball. Dogs
were scored as being more thorough if they covered a large
proportion of the search area, more persistent if they con-
tinued searching for a long time and more independent
if they searched without requiring input from the person
present in the search area.
The ranking position on each test was  summed for
each dog (maximum of 105) and dogs were placed into
top, middle and low performance groups by scores. From
these performance groups, dogs were randomly assigned
to three experimental groups (0T, 1T and 3T), with each
group thus consisting of a stratiﬁed random sample of
seven dogs. There was  no statistical difference between
groups by rating scores (one-way ANOVA, F(2, 20) = 0.10,
p = 0.91). Following dog group allocation, the ﬁve handlers
were each assigned four or ﬁve dogs ensuring that each
handler had at least one dog from each experimental group.
2.4. Materials
2.4.1. Target odours
Once assigned to experimental groups all dogs were
trained on three “explosive” target odours, these were:
2,4,6-trinitrotoluene (TNT), untagged plastic explosive 4
(PE4) and ammonium nitrate (AN). The latter is an explo-
sive simulant and was therefore classed as “explosive” for
this experiment.
Each dog was  also trained on one of three “non-
explosive” (NE) odours, these were vanillin (Va), potas-
sium chlorate (KClO3) and 2,3-dimethyl-2,3-dinitrobutane
(DMNB). The odours were chosen based on three crite-
ria, namely, dissimilarity to the targets (to ensure that
training on them would not provide generalisation train-
ing), volatility range (higher volatility substances vaporise
more readily leading to a greater concentration of volatile
organic compounds available for dogs to detect) and utility
for operational detection dogs. Vanillin and DMNB have a
high volatility (vapour pressure ca. 0.001 and 0.002 torr at
25 ◦C, respectively), while KClO3 has a very low volatility
(vapour pressure negligible at 25 ◦C). The use of three NEs
ensured that any effect of their use could not be attributed
to the properties of one particular odour. Each experimen-
tal group contained two dogs trained on each NE plus one
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each dog receiving three rewards on each target type. All
dogs also conducted a building search with one sample ofF. Porritt et al. / Applied Animal 
dditional dog with a randomly assigned NE (e.g., group
 = 2 Va, 2 KClO3 and 3 DMNB).
For all targets dogs were initially trained on approx-
mately 100 g and were then trained down to trace
uantities presented on disposable 50 mm diameter glass
bre WhatmanTM ﬁlters. Filters were prepared by placing
lters in contact with the target odour for a minimum of
4 h prior to use; all ﬁlters were disposed of after one use.
ll experimental data were collected using these ﬁlters.
.5. Interferent odours
An additional 5–10 interferent odours were introduced
ach week in all experimental phases; this ensured that
ogs did not learn to indicate on novel odours per se. Inter-
erent odours were generated using glass ﬁbre ﬁlters as for
arget odours.
.6. Training conﬁrmation
Following 12 weeks of training all dogs underwent three
ays of testing in the training location where the four tar-
ets were placed out once per dog per day in a single
lind building search. Group detection rates were calcu-
ated (total number of indications per target type/number
f dogs in group) to give an indication of training level prior
o the start of the experimental phases.
.7. Experimental design
The study was separated into baseline, work phase
nd test phase, plus two training days in the work phase.
andlers were blind to the experimental hypotheses, the
ifferences between experimental groups and number and
ocation of targets and interferents for all experimental
tages.
.8. Baseline test
Baseline testing began after dogs and their assigned
andlers had received 12 weeks of training together. The
rimary purpose of baseline testing was to measure the
etection rate of all groups in a novel non-training environ-
ent and to ensure that there were no systemic differences
etween the groups prior to the work phase.
The baseline test was conducted in six rooms in a dis-
sed building that the dogs had not previously visited.
ogs were required to conduct a free search of each room
off-lead) followed by a directed search (on-lead). All dogs
earched the six areas 5–7 times over a two week period.
ogs encountered their target odours an average of 22
imes over the test (mean 4.6 targets per search).
.9. Work phase
The work phase took place over 44 days, starting imme-
iately after baseline testing. Dogs were moved to a novel
ocation where they had never received training; this was a
isused building that had been converted into three search
reas. Each search area consisted of four rooms that wereur Science 166 (2015) 112–122 115
made into a complex search space through the use of low
partition walls and furniture.
Each experimental group was  assigned to one search
area for the duration of the work phase. All dogs com-
pleted six searches of their area per week, with a total of 36
searches over the work phase, except for one 1T group dog
that completed 32 searches due to recovery from a minor
foot injury. Each search contained 12 hides that differed
between experimental groups as follows:
0T (zero target) group were not exposed to any trained
targets in the search area during this phase, all searches
therefore contained 12 interferent odours only.
1T (one target) group were exposed to their one NE
trained target in the search area during this time. This target
odour differed between dogs (2 dogs = Va, 2 dogs = DMNB,
3 dogs = KClO3); as all odours were present in the same
search area, the two  NE odours that each dog was not
trained on acted as interferent odours for that dog. Each
search contained either 0, 1, 2 or 4 targets split as follows
each week, 1 × 0 (1 search with zero targets), 3 × 1, 1 × 2
and 1 × 4 targets (an average of 1.3 targets per search, total
9 targets per week). Each search contained sufﬁcient inter-
ferent odours to make up 12 hides in total. For example, a
dog trained on Va as a target on a search where two tar-
gets were present would encounter; 2× Va (targets), 2×
DMNB (interferents), 2× KClO3(interferents) and 6× other
interferents (e.g., shampoo, soil, grass, plastic bag, gloves,
detergent).
3T (three target) group were exposed to the three
“explosive” training targets (TNT, AN, PE4) in the search
area, but not their NE target odour. These targets were pre-
sented at the same densities as the 1T group (an average of
1.3 targets per search, total 9 targets per week). The nine
targets per week were made up of 2, 3 or 4 of each target
(e.g., week 1 = 2× AN, 3× TNT, 4× KClO3) in a Latin square
design. As with the 1T group, additional interferents were
included in each search area to make up a total of 12 hides
per search. For example, a dog on a two  target search might
encounter 1× TNT (target), 1× AN (target) and 10× other
interferents (e.g., shampoo, etc.).
2.10. Training days during work phase
Dogs conducted training days at the original training
venue after three weeks and ﬁve weeks of work phase
searches. Dogs were rewarded on all four trained odours on
these days; this replicates common working dog practice
where dogs are typically given training in a non-work
environment at least once per month; this increases the
external validity of the study.
Each training day consisted of a double blind odour ID
test (see Section 2.2.2) with each target presented four
times per dog; this was  followed by odour ID training witheach target hidden in the search area, this used a single
blind design where the trainer knew the location of the tar-
gets but the handlers did not. Dogs completed the odour ID
test ﬁrst and these data were used for analysis.
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2.11. Test phase
The test phase began immediately after the work phase
and continued for three weeks; handlers were not informed
of the change of phase, and dogs continued to search the
same search areas as during work phase. During testing, all
groups were exposed to all four trained target odours in
their search area (total eight repeats per target/dog); tar-
gets were presented at the same density as in the work
phase. Target order was randomised with the exception
of the ﬁrst four presentations, which were ordered TNT,
PE4, NE (Va, DMNB or KClO3), AN, the three groups saw all
targets in the same order throughout the test phase.
2.12. Search set-up
In all phases of the experiment searches were set up by
one person who was not involved in data collection or dog
handling. Target and interferent ﬁlters were placed out of
sight at dog nose-height or lower around the search areas
and their location was marked on a map. A maximum of
one target was placed in each room and interferent odours
(to make up to a total of 12 hides per search) were placed
randomly across the four rooms in each search.
In each search area (0T, 1T and 3T) hide locations
remained the same for the ﬁrst four dogs in the group that
conducted the search. Hide locations were then changed
before the ﬁnal three dogs in each group searched the area.
This ensured that handlers always remained blind to target
locations whilst limiting search set up times to ensure that
all 21 dogs were able to search at least once per day. Dogs
were rewarded away from the target location with a toy
and dogs were run in a different order for each search to
control for any order effects.
2.13. Vigilance points
In addition to any hides, each of the four rooms in the
search areas contained three designated “vigilance points”
that did not contain target odours and only rarely con-
tained interferents. These vigilance points were imaginary
lines drawn at 45 degrees in a corner of the search area
that dogs would naturally bypass unless they were actively
investigating all areas, for example, corners formed where
furniture was placed against a wall or the leg space under-
neath a desk. These vigilance points were included to allow
data to be gathered on the dogs thoroughness of search
unrelated to the presence of an odour of interest. Vigilance
points remained static throughout the trial and handlers
were unaware of their existence.
2.14. Search co-ordination
Two “scorers” were responsible for all data collection.
They were blind to the experimental hypotheses but were
provided with search area maps marked with the location
of all hides and the vigilance points. Scorers were each
responsible for observing 10 or 11 dogs per day (alternat-
ing); they worked in parallel and the dogs that each scorer
observed alternated every other day.ur Science 166 (2015) 112–122
2.15. Standardised search
Data were collected using a standardised search based
on Rooney et al. (2006). Scorers entered each room with a
hide location map  and stood on a mark. Handlers stood on
a different mark and released their dog for a “free search”
of one minute, during this time handlers did not interact
with their dogs.
Following an indication handlers requested verbal con-
ﬁrmation from the scorer. If correct, the dog was  rewarded
by the handler and the search of the room was  complete,
but if incorrect, the call was recorded as a false alarm and
dog was  verbally instructed to “search on” by the han-
dler and continued searching for the remainder of the free
search. If handlers believed their dog had found a target
but their dog did not indicate they said “strong interest”; in
this case scorers did not conﬁrm the indication and the dog
was  not rewarded, but this was counted as an indication
(correct) or false alarm (incorrect) for analysis.
Following the free search, handlers recalled their dogs
and placed them on the lead. If no target had been detected,
they then completed an un-timed “directed” search of the
room where they tasked the dog to search all areas sys-
tematically until the handler called that no targets were
present; indications were recorded as for a free search.
Rooms were searched in the same order for each search.
2.16. Data collection
Indications, false alarms and “strong interests” called by
handlers were recorded by scorers and used to calculate
detection and false alarm rates. In addition, for each vig-
ilance point dogs were recorded as searching the area if
their nose crossed the imaginary 45◦ line; these data were
used to measure general search thoroughness, referred to
as “vigilance”.
To reduce the risk of scorers inﬂuencing detection
by gaze direction, scorers were also required to record
whether each hide (target and interferent) was searched,
deﬁned as the dog being within one head length of the tar-
get and orientated towards the target. These data were used
post hoc to investigate potential reasons for dogs failing to
indicate on targets.
2.17. Analysis
One-way ANOVAs were used to compare groups by head
trainer rating after initial training and to compare mean
proportion of targets found by each group during baseline.
For work and test phase data, detection rate (DR)
was  calculated as total indications (free plus directed
search) plus “strong interests” on targets over three
search sessions/total numbers of targets hidden × 100,
resulting in a DR per block of three sessions for each
group. Similarly, false alarm (FA) rate was  calculated as
total indications (free plus directed search) plus “strong
interests” on interferent odours per three sessions/total
interferents × 100. Free and directed vigilance scores were
calculated separately as the number of vigilance points
searched per three sessions during free and directed
search, respectively/total vigilance points available × 100,
Behaviour Science 166 (2015) 112–122 117
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Fig. 1. Mean detection rate (DR) of 1T and 3T groups on non-explosive
(NE) and explosive targets respectively during work phase, and mean
DR  of 0T, 1T and 3T groups on all targets during test phase. Data plot-F. Porritt et al. / Applied Animal 
ith rooms where targets were found excluded from
nalysis as target detection resulted in a truncated search.
Repeated measures ANOVAs were conducted sepa-
ately for work and test phase detection rates, false
larm rates and vigilance rates. In each case, the groups
ere the between-subject factor and the blocks were
he within-subject factor. Throughout the results section,
hen Mauchly’s Sphericity test was signiﬁcant (indicating
neven variance between levels of the repeated measures
actor—in this case blocks), then Greenhouse–Geisser cor-
ection was employed; this changed the degree of freedom
nd altered the signiﬁcant value of the F-ratio. Two tailed
-tests and Pearson’s Correlations were also used when
ppropriate.
.18. Training data analysis
Mean detection rates (DR) were calculated for each
roup for the odour ID test and the initial responses of dogs
n targets during the building search.
. Results
.1. Training performance and baseline test in a novel
nvironment
The average detection rate over the ﬁnal three train-
ng days was 64%. The mean detection rate (DR) during
aseline testing was 44%. There was no signiﬁcant dif-
erence between the groups (0T 45%, 1T 41%, 3T 47%) as
ndicated by a one-way ANOVA F(2, 20) = 0.91, p = 0.42.
imilarly, there was no statistical difference in mean vig-
lance between groups during the baseline free search,
(2, 20) = 0.60, p = 0.56, or directed search F(2, 20) = 1.44,
 = 0.26. The drop in performance during baseline test-
ng most likely reﬂects a generalisation decrement due to
oving location. The key outcome of the baseline is con-
rmation that all groups were comparable when going
nto the work phase; the baseline also served as a learning
pportunity to allow performance to plateau under exper-
mental conditions.
.2. Detection rates
.2.1. Work phase
The 1T and 3T group DRs during the work phase showed
 signiﬁcant block (time) effect, F(5.12, 61.39) = 2.53,
 = 0.04, but no overall group effect, F(1, 12) = 3.09, p = 0.11,
nd no group × block interaction, F(5.12, 61.39) = 1.14,
 = 0.35, indicating that both groups improved their DR over
he work phase but that there were no signiﬁcant differ-
nces between the DRs of these two groups (Fig. 1).
.3. Test phase
Detection rate of the 0T group was very low at the
tart of the test phase (mean DR in ﬁrst 3-session block
3% vs. 45% during baseline) and increased to a moderate
evel during testing (Fig. 1). Detection rate of the 1T and
T groups started high in the test phase (mean DR in ﬁrst
-session block 1T 86%, 3T 84% vs. baseline 1T 41%, 3T 47%)ted in 3-session blocks ± 1 SE. Signiﬁcant difference between 0T and 1T
and 0T and 3T groups in test phase indicated by asterisk (*) (n = mean 27.3
targets/group/session).
and remained high through testing (Fig. 1). These trends
are supported by the analysis that showed a strong over-
all group effect, F(2, 18) = 9.65, p < 0.01, an overall block
effect F(6, 108) = 2.76, p = 0.02 and a group × block inter-
action, F(12, 108) = 3.80, p < 0.01. This indicates that there
was a difference in DR between the groups and that this
changed differently between the three groups over the test
phase; that is, the 0T group improved and the 1T and 3T
group remained at asymptotic behaviour.
To examine which group differences were signiﬁcant,
a series of pair wise comparisons were conducted. When
comparing the 0T and 1T group, there was an overall group
effect, F(1, 12) = 10.65, p < 0.01 and group × block interac-
tion F(6, 72) = 4.72, p < 0.01. When comparing the 0T and
3T group there was also a group effect, F(1, 12) = 11.52 and
a group × block interaction F(6, 72) = 3.29, p < 0.01. In con-
trast, when comparing the 1T and 3T group, there was  no
overall group effect, F(1, 12) = 0.12, p = 0.72, no block effect,
F(6, 72) = 1.53, p = 0.18, but there was a weak group × block
interaction, F(6, 72) = 2.40, p = 0.04. The lack of a block effect
or a group effect between the 1T and 3T group indicates
that there is no important signiﬁcant differences in the test
between these groups.
3.4. Test phase—0T group reacquisition
To determine how long it took for the 0T group to
improve to the level of the other groups, t-tests were
performed on each block (3 sessions). In the ﬁrst block,
there was  a substantial difference between the 0T and 1T
groups, t(6) = 4.35, p < 0.01 and 0T and 3T groups, t(6) = 3.10,
p = 0.021, and this signiﬁcant difference continued in the
second block comparing the 0T and 1T group, t(6) = 4.38,
p < 0.01 and 0T and 3T group, t(6) = 4.58, p < 0.01. By the
third, block, however, there was  no difference compar-
ing the 0T and 1T group, t(6) = 1.83, p = 0.12, and the 0T
and 3T group, t(6) = 0.23, p = 0.83. This shows that it takes
more than 6 sessions of 4-room searches (2 blocks) for the
0T group to show performance comparable to the other
groups once they are again rewarded for ﬁnding target
odours.
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Fig. 4. Search behaviour recorded on missed target hides in sessions 1–6Fig. 2. Mean detection rate (DR) of individual dogs on the ﬁrst exposure
to  four targets during test phase (n = 4 targets per dog).
3.5. Test phase—ﬁrst exposure detection rate
On their ﬁrst exposure to each of the four targets during
test phase, four of the 0T dogs failed to indicate on any of
the targets; and the average group DR was 25% (Fig. 2). In
contrast all of the 1T and 3T dogs indicated on at least two
of the four targets, and the average DR of both groups was
79% (Fig. 2).
3.6. Test phase—explosive vs. non-explosive detection
The 1T and 3T group differed in the number of target
types that they were exposed to during the work phase. To
analyse the effect of this difference in more detail, a sepa-
rate NE and explosive DR was calculated for each group.
A repeated measures ANOVA with the groups as the
between subjects factor and type of odour (explosive or NE)
as within subjects factor found an overall effect of odour
type, F(1, 12) = 7.19, p = 0.02 indicating that overall a greater
proportion of explosives than NE was found. More impor-
tantly there was a strong odour type by group interaction,
F(1, 12) = 1828, p < 0.01, indicating that the performance of
the group depended on odour type such that 1T were bet-
ter at ﬁnding NE and 3T were better at ﬁnding explosives
(Fig. 3).
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Fig. 3. Mean detection rate (DR) of 1T and 3T on non-explosive (NE) and
explosive (TNT, PE4 and AN) targets during test phase ± SE. Figure shows
that the detection rate on targets that dogs were not exposed to during
work phase was  signiﬁcantly lower than on targets that they were exposed
to  during work phase for 3T (exposed to three explosives), while there
was  no signiﬁcant difference in detection rates between target types in
1T group (exposed to one NE).of  the test phase showing no signiﬁcant difference in search behaviour
on  hides of 0T, 1T and 3T groups despite the signiﬁcantly lower detection
rate of the 0T group.
A series of follow-up t-tests found that overall, the 1T
group was  better at ﬁnding the NE odour than the 3T group,
t(6) = 3.20, p = 0.02, and the 3T group was  better at ﬁnd-
ing explosives than the 1T group, t(6) = 2.68, p = 0.04. While
there was  no difference in the accuracy of the 1T group
between ﬁnding the NE or explosive odours, t(6) = 1.35,
p = 0.23, the 3T group were worse at ﬁnding the NE than
the explosive odours, t(6) = 4.29, p < 0.01.
3.7. Test phase—search behaviour on missed target hides
Due to the signiﬁcantly lower detection rate in 0T com-
pared to 1T and 3T during the ﬁrst six test sessions, a
post hoc analysis was conducted of the search behaviours
recorded on each missed target hide in sessions 1–6. This
analysis showed no signiﬁcant difference in the search
behaviour of 0T, 1T and 3T in the vicinity of missed tar-
gets (X2 (2) = 2.06, p > 0.05); in all cases approximately 70%
of missed targets were recorded as being searched by the
dogs, indicating that physical proximity was  not the only
requirement for detection (Fig. 4).
3.7.1. Vigilance
3.7.1.1. Work phase—free search vigilance. A repeated
measures ANOVA of free search vigilance of the three
groups during the work phase showed a block effect, F(11,
198) = 6.24, p < 0.01, a group effect, F(2, 18) = 25.51, p < 0.01,
and a group × block interaction, F(22, 198) = 2.23, p < 0.01,
indicating a change in vigilance over the work phase and
a difference in how the groups changed (Fig. 5). Pair wise
analysis showed that the 1T and 3T groups had equivalent
vigilance during the work phase with no group effect, F(1,
12) = 2.50, p = 0.36, no overall block effect, F(11, 132) = 1.61,
p = 0.11 and no group × block interaction, F(11, 132) = 1.35,
p = 0.20. In contrast, the 0T group was  considerably less vig-
ilant overall than the 1T group, F(1, 12) = 19.84, p < 0.01,
with no group × block interaction, F(4.19, 50.23) = 1.95,
p = 0.11; and considerably less vigilant than the 3T group,
F(1, 12) = 86.34, p < 0.01, with a group × block interaction,
F(5.02, 60.19) = 3.82, p < 0.01.
To determine how quickly the difference between 0T
and the other groups appears, a series of t-tests were
conducted for the ﬁrst blocks in the working phase. In
the ﬁrst block, there was no difference between the 0T
and 1T groups, t(6) = 0.90, p = 0.40, or between the 0T and
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Fig. 6. Mean vigilance points searched per room during directed search
in  the work and test phase plotted in 3-session blocks with one standard
error as error bars. Figure shows a signiﬁcant decrease in work phases  error bars. Figure shows signiﬁcant decrease in 0T work phase vigi-
ance compared to 1T and 3T by the 2nd 3-session block and a signiﬁcant
ncrease in 0T and 1T vigilance during the test phase.
T groups t(6) = 0.78, p = 0.47. However, by the second 3-
ession block (i.e., searches 4–6), there was a signiﬁcant
ifference between both the 0T and 1T group, t(6) = 3.20,
 = 0.02, and the 0T and 3T group, t(6) = 2.77, p = 0.03.
.8. Test phase—free search vigilance
During the test phase, 0T and 1T free search vigilance
nitially improved, while 3T decreased (Fig. 5). Analy-
is showed a group effect, F(2, 18) = 6.01, p = 0.01, an
verall block effect F(3.36, 60.51) = 4.26, p < 0.01, and a
roup × block interaction, F(3.36, 60.51 = 3.46, p < 0.01). In
air wise comparisons, 0T and 1T groups showed a block
ffect, F(6, 72) = 6.30, p < 0.01, no group × block interac-
ion F(6, 72) = 1.22, p = 0.31, and an overall group effect
hat approached signiﬁcance, F(1, 12) = 4.12, p = 0.06. This
nalysis relates to the relatively low vigilance in the ﬁrst
essions in the 1T group followed by subsequent improve-
ent by both groups over the course of the test. There was
 strong difference overall between the 0T and 3T groups,
(1, 12) = 12.04, p < 0.01 and a group × block interaction,
(6, 72) = 7.57, p < 0.01. This indicated that the 3T group
aintained its strong vigilance and the 0T group improved.
here was no overall difference between the 1T and 3T
roup, F(1, 12) = 1.56, p = 0.24, but there was a moderate
roup × block interaction, F(2.90, 34.84) = 2.90, p = 0.05.
.9. Work phase—directed search vigilance
Analysis of directed search vigilance during the work
hase showed an overall group effect F(1, 18) = 6.55,
 < 0.01, a block effect, F(3.43, 61.77) = 7.76, p < 0.01, and
o group × block interaction, F(3.43, 61.77) = 1.38, p = 0.23
Fig. 6). As can be seen in Fig. 5, vigilance was maintained
n all groups until the middle of the work phase when 0T
igilance started to decline, producing the overall group
ffect.
In a pair wise analysis, there was a strong overall group
ffect when comparing 0T and 1T groups, F(1, 12) = 12.92,
 < 0.01, and an overall group effect between the 0T and
T groups, F(1, 12) = 5.64, p < 0.01; but no overall difference
etween the 1T and 3T group, F(1, 12) = 0.77, p = 0.35. Thesedirected vigilance of 0T, a signiﬁcant increase in 0T vigilance during test
phase and a signiﬁcant decrease in 3T directed vigilance during the test
phase.
results indicate that the combined vigilance of dog/handler
teams decreased in the 0T group over the work phase while
1T and 3T vigilance was  maintained equally.
3.10. Test phase—directed search vigilance
Analysis of directed vigilance during the test phase
showed an overall group effect F(2, 18) = 5.52, p = 0.01,
but no block effect, F(2.93, 52.91) = 2.14, p = 0.11, however,
there was a group × block interaction F(5.87, 52.81) = 2.24,
p = 0.05; this indicates that groups changed over time and
the changes cancelled each other out to prevent an overall
block difference.
Pair wise analysis showed no signiﬁcant difference
between 0T and 1T groups, F(1, 12) = 2.88, p = 0.15 and
no group × block interaction, F(6, 72) = 0.43, p = 0.87. There
was also no difference between the 0T and 3T groups, F(1,
12) = 2.34, p = 0.15, but there was a group × block inter-
action, F(2.82, 33.87) = 3.19, p = 0.04. This indicates that
the 0T group vigilance improved through testing while
the 3T group got worse, this can be seen in Fig. 5. There
was an overall difference between the 1T and 3T groups,
F(1, 12) = 12.66, p < 0.01, but no group × block interaction,
F(2.75, 32.95) = 2.33, p = 0.10, indicating that 1T group were
slightly more vigilant than 3T overall.
3.11. Vigilance and detection rate correlation
There was a strong and signiﬁcant correlation between
test phase detection rate (DR) of 0T dogs and their mean
free search vigilance measured in non-target rooms of
the same search sessions (Pearson’s correlation, r = 0.863,
n = 7, p = 0.01). Similarly, there was  a signiﬁcant correla-
tion between work phase DR of 1T and 3T dogs and their
mean free search vigilance (Pearson’s correlation, r = 0.63,
n = 14, p = 0.02). This is not surprising in that the greater
the detail a dog searches the greater likelihood that it will
detect targets. However, it is likely more complicated than
that as indicated by Fig. 4, where there was little difference
between groups as to how well they searched the odour
locations.
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3.12. Work phase training days—detection rate
Dogs received training on all targets at the original
training location after three and ﬁve weeks of work phase
searching; each training day consisted of a double blind
odour ID test and a single blind building search.
The 1T and 3T groups performed moderately well on the
odour ID test on the ﬁrst training day, while 0T performed
poorly (mean DR 0T 33%, 1T 54%, 3T 68; Fig. 7). All groups
performed equally well on the odour ID test on the second
training day (mean DR 0T 61%, 1T 54%, 3T 61%; Fig. 7). This
second training day occurred one week prior to the start of
test phase and conﬁrms that all groups of dogs remembered
the target odours and associated response chains (Fig. 8).
3.13. False alarm rates
3.13.1. Work phase
A combined false alarm rate (FAR) was calculated
for free search and directed search. During the work
phase there was an overall group effect, F(1, 18) = 19.74,
p < 0.01, no block effect, F(3.33, 59.63) = 0.47, p = 0.72 nor
a group × block interaction, F(6.66, 59.93) = 1.92, p = 0.09
(Fig. 6). Pair wise analysis showed that the 0T group had a
signiﬁcantly lower FAR than the 1T group, F(1, 12) = 27.19,
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p < 0.01, and the 3T group, F(1, 12) = 155.09, p < 0.01; and
the 1T group had signiﬁcantly greater FAR than 3T group.
3.14. Test phase
During the test phase FAR showed an overall group
effect F(1, 180) = 4.95, p = 0.01, block effect, F(3.36,
60.51) = 4.26, p < 0.01) and a group × block interaction
F(6.72, 60.51) = 3.46, p < 0.01 (Fig. 6). This analysis reﬂects
the fact that 0T group FAR increased while 3T decreased
and 1T remained relatively stable. The overall difference
between 1T and 3T was  lost (F(1, 12) = 1.56, p = 0.24).
4. Discussion
We  present evidence showing that dog teams that are
not given the opportunity to ﬁnd a target odour while
repeatedly searching the same location (i.e., the zero target,
“0T” group) show a rapid decline in free search vigilance
and false alarm rate and a gradual decline in combined
handler-dog vigilance (i.e., directed vigilance). These dogs
are then extremely poor at indicating on any target odour
when they re-encounter them in the search location, with
more than half of the dogs in this study failing to indi-
cate on any of their four trained target odours on their ﬁrst
re-exposure.
Once target odours were reintroduced into the search
environment, and 0T dogs were reinforced for indicat-
ing on them, detection rate and vigilance improved, and
false alarm rate increased until it was once again compa-
rable with 1T and 3T groups. However, this improvement
in detection was not rapid and resulted in missed targets
whilst the teams re-acquired vigilance and ability. During
the test phase, the 0T group detection rate did not approach
that of the other groups until the sixth search session dur-
ing which time dogs had encountered eight target hides
and failed to indicate on a high proportion of them. The cor-
relation seen between false alarm rate and detection rate is
in-keeping with signal detection theory which predicts that
the response threshold of individuals is affected by physi-
ological state (e.g., fatigue or previous experience). When
a low response threshold criterion is used, this results in
a higher detection rate but also a higher false alarm rate
(Tanner et al., 1954).
We tested the effectiveness of a strategy to mitigate
against the loss in detection rate of 0T group by giving
some dogs the opportunity to ﬁnd one target type in the
search environment (i.e., the one target, “1T” group). Such
animals remained highly vigilant during both on and off-
lead searches. Crucially, these dogs retained their detection
capability on all target types when they re-appeared in the
search environment, with detection on both ﬁrst exposure
and repeated exposure being equal to dogs that had pro-
longed exposure to three of the four target types in the
search environment (i.e., the three target “3T” group).
The rapid extinction of 0T group’s vigilance in the
absence of target hides and their decrease in detection rate
on their reintroduction is likely caused by several factors.
Search performance was  equal in all groups during base-
line testing, indicating that the search degradation was
not due to searching in a new area per se.  However, it
Behavio
i
t
d
p
f
c
w
t
t
h
i
t
2
t
g
0
T
a
o
a
f
r
i
w
t
t
g
n
r
a
a
g
i
T
v
f
l
c
t
t
m
l
d
n
o
v
1
e
d
(
o
i
T
d
w
t
t
t
eF. Porritt et al. / Applied Animal 
s likely that dogs were able to discriminate between the
raining and working environments. There was some evi-
ence for context speciﬁcity, namely that the 0T group
erformed equally to the 1T and 3T groups in identi-
ying all target odours in an odour discrimination task
onducted one week prior to testing, however they then
ent on to show signiﬁcantly poorer detection rates in
he work location test phase. This suggests that detec-
ion rate was context or task speciﬁc and supports the
ypothesis that dog performance may  remain satisfactory
n a training environment while showing a decrement in a
arget-poor working environment (e.g., Bouton and Woods,
008). These data also conﬁrm that all groups remembered
he correct response chain associated with the four tar-
et odours, and that forgetting was not responsible for the
T detection rate degradation in the work environment.
his coincides with research in other species that gener-
lly reports odour memory as being extremely persistent
ver time (e.g., Herz and Engen, 1996 in humans; Bodyak
nd Slotnick, 1999 in mice).
There was a strong and signiﬁcant correlation between
ree search vigilance in non-target rooms and detection
ate in target rooms on the same search for all groups;
ndicating that dogs that conducted a less thorough search
ere less likely to indicate on a target odour. It is likely
hat some of this correlation is due to the fact that a dog
hat searches thoroughly is more likely to encounter a tar-
et; however, the majority of targets (ca. 70%) that were
ot indicated on in the ﬁrst six test phase sessions were
ecorded as being searched (dog in close physical proximity
nd orientated to target) at least once both by 0T dogs, with
 low group detection rate, and 1T and 3T dogs, with a high
roup detection rate; this suggests that physical proxim-
ty to a target is not the key requirement for an indication.
his contradiction in outcomes implies that the free search
igilance may  be a proxy measure for a different causal
actor affecting detection rate, for example, a high vigi-
ance may  reﬂect high expectation of reinforcement with
onsequences for the dog’s behaviour in the presence of a
arget. The fact that it took 0T group so many test sessions
o recover their detection rate even following reinforce-
ent for correct indications implies that dogs may  have
earned speciﬁcally not to respond to target odours and
etection loss was not simply due to reduced thorough-
ess of search. Potential reasons for this failure to indicate
n a high proportion of encountered targets include “Pavlo-
ian Inhibition” or learned inattention, frustration (Amsel,
992) context speciﬁcity (Bouton and Woods, 2008; Gazit
t al., 2005) and selective attention (Zentall, 2005).
The maintenance of vigilance and detection ability in
ogs exposed to one type of odour during “work” searches
i.e., the 1T group) supports the hypothesis that prevention
f extinction in working dogs may  be achieved by reward-
ng search persistence regardless of the target type used.
he 1T group, exposed to one target type (non-explosive)
uring the work phase, performed equally well in testing
hen compared with the 3T group, which were exposedo three target types (explosives) during the work phase;
he false alarm rate was also roughly comparable between
hese groups. These dogs did not show any evidence that
xtended reinforcement on one target type impedes theur Science 166 (2015) 112–122 121
detection of other co-trained targets as there was  little dif-
ference in their detection on non-explosive and explosive
targets in the test phase (i.e., no evidence of learned inat-
tention or of an activated search image after 6.5 weeks of
daily reinforcement on one target). It is not apparent from
these data whether this outcome is stable over the life-
time of a dog, or whether continued exposure to one target
type would eventually lead to deleterious effects on the
detection of other co-trained targets.
The lack of learned inattention of the explosive odours
in the 1T group may  reﬂect the fact that responses to each
target were individually trained and had not degraded over
the course of the study, rather the only degradation was in
the expectation of the dog and handler to ﬁnd a target;
in this case, maintenance of expectation to ﬁnd any target
was sufﬁcient to maintain attention to all odour targets.
This lack of learned inattention is in-line with the ‘many-
to-one’ hypothesis discussed in Urcuioli et al. (1989). This
hypothesis suggests that when multiple stimuli (in our case
odours) are associated with the same response (searching
and ﬁnding) and the same consequence (reward) then a
many-to-one mapping persists in the animal’s response set,
with several different stimuli encoded to elicit the same
response. In other words, several stimuli become inter-
changeable and reinforcing one stimulus may  reinforce
other stimuli. It could be interpreted that rewarding the
non-explosive target generalised to the explosive targets
in this study; it would be of utility for working dog com-
munities to investigate this theory further.
A more detailed investigation of the use of co-trained
targets to maintain detection conducted in a tightly con-
trolled (laboratory) setting would be beneﬁcial, and an
investigation into the longevity of the beneﬁts of using
one co-trained non-target would help to determine the
robustness of the reported outcome. If the many-to-one
interpretation is correct, a pertinent question would be
how many contraband targets is each non-contraband
odour capable of ‘supporting’, and how much generali-
sation decrement would one expect with increasing the
‘many-to-one’ ratio.
In a similar manner, a formalised analysis of the effects
of expectation and vigilance on working dog detection
would be beneﬁcial; for example, an investigation into the
relative importance of physical search thoroughness versus
expectation of ﬁnding a target may  shed more light on
the reasons for target misses in trained detection dogs.
In addition, tests of alternative approaches to maintain-
ing motivation and expectation such as the delivery of
reinforcement non-contingent on the presence of a target
(i.e., reinforcement for the act of searching) and tailored
exploitation of the partial reinforcement extinction effect
could be investigated in the light of these ﬁndings. Finally,
an investigation into the link between false alarm and
detection rate in working dogs would be particularly ben-
eﬁcial as measurement of false alarm rate may  provide a
proxy metric for the attentional state of a dog if shown to
be directly correlated to detection rate in realistic search
scenarios.
Our ﬁndings have consequences for many contexts in
which scent detecting dogs are employed. Without the
opportunity to ﬁnd rewarded targets in repetitive search
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environments, scent detecting dogs will become ineffec-
tive after a short period, and this performance decrement is
hard to reverse. Meanwhile, a co-trained, non-contraband
odour, secreted in a dog’s working environment and con-
tingently reinforced upon being found, acts to maintain
performance in ﬁnding contraband target odours that
would be rarely encountered during a dog’s working life.
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